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SPECIFICATION 

1 . TITIJB OF THE INVENTION 

Non-volatile Semiconductor Memory 

2. Scx>PE OF Patent Claims 

A non-volatile semiconductor memory equipped with a non-volatile semiconductor memory cell, means for 
writing data to this memory cell, means for reading out the data that has been written using said means, means for 
performing writing until the threshold value of said memory cell corresponds to the inputted data to be stored, doing 
so through discriminating multiple bits of data in said memory cell by the threshold voltages thereof, and means for 
detecting the correspondence of said inputted data and memory cell threshold voltages to stop the writing. 

3. Detailed Description of the Invention 

(Technical Field of the Invention) 

The present invention relates to a non-volatile memory cell that has multiple bits of data in a single memory 

cell. 

(Prior Art and Problem Solved by the Present Invention) 

Conventionally in semiconductor memory, and. in particular, in read-only memory (ROM), methods wherein 
two bits worth of data are stored in a single cell through dividing the memory cell threshold voltage into four types, 
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for example, have been proposed. This has the advantage of being able to cut in half the surface area required by 
cells through storing two bits worth of data in a single cell. There are four different combinations (0, 0; 1 , 0; 0, 1 ; 
and 1 , 1) for two bits worth of data, where the two bits worth of data is read by identifying which of these four data 
[is in the memory cell] based on the voltage of the data line when the memory cell is selected. 

However, conventionally the memory cell threshold value control has been performed by changing the gate 
voltage or the drain voltage. Because of this, in this method it has been difficult to control the threshold voltage due 
to variability in the gate length in the cell, the variability of the thickness of the oxide layer in the cell, and the like, 
so that even when identical voltage conditions are used when writing there would still be variability in the threshold 
voltages, instead of having the same threshold voltages, causing decreased yields. 

(Object of the Present Invention) 

The present invention is the result of contemplation of the situation described above, and the object thereof is to 
provide a non- volatile semiconductor memory wherein control of the memory threshold values is easy in a non- 
volatile memory wherein a weighting is applied to the threshold value of a single memory cell to store multiple bits 
worth of data. 

(Summary of the Invention) 

In order to achieve the object described above, in the present invention input data is established according to the 
magnitude of the threshold voltage that is to be set for a single memory cell, and the output for the multiple bits is 
fed back according to the threshold voltage that has been written in order to adjust the tiireshold value of the 
memory cell until the output for the multiple bits matches the multiple bits of the input data. 

(Example Embodiment of the Present Invention) 

An example of an embodiment according to the present invention will be explained below, referencing the 
figures. In Fig. 1, 1 is an AND gate to which the write input data DinO and Dinl are provided, 2 is a NOR gate 
wherein the transistor 3 is conti-olled to provide a high voltage Vp (approximately 20 V) to a point "a." 4 is a flip- 
flop. 5 is an inverter. 6 is a NAND gate. 7 and 8 are comparators that compare tiie aforementioned input data to the 
output data tiiat will be described below. 9 is a transistor for selecting the column. 10 is a memory cell wherein the 
threshold voltage is changed through the injection of electrons through writing. 1 1 and 12 are transistors for 
blocking erroneous writing when data is read by dropping tiie drain voltage of the memory cell 10. 13 is a transistor 
for a load. 14 tiarough 16 are sensor amplifiers, with reference voltages CI to C3 (where CI > C2 > C3), and which 
input the voltage from point "a" through the transistor 12. 17 is a change circuit that receives the outputs Dl through 
D3 of the sensor amplifiers to produce the outputs DoutO and Doutl generated based thereon, where the outputs 
DoutO and Doutl are fed back to the comparators 7 and 8. 

In Fig. 1, the part 18 that is surrounded by the single dotted line is a circuit wherein one of the four 
combinations of two-bit outputs DoutO and Doutl, such as shown in Table 1, below, is produced through comparing 
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the voltage at point "b", which changes depending on the threshold voltage of the memory cell, to the three 
reference voltage levels CI, C2, and C3. 



Output 
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Moreover, in Fig. 1, writing will be performed if either DinO or Din 1. or both, is "0" while in the DinO="l" and 
Din[l]="l" unwritten state. However, if, when the values of the input data DinO and Dinl are in the write state, the 
signal PGM in Fig. 2 is "0" ("L"), then the reset signal Reset goes to "1 " ("H"), and the signal S goes to "0". At 
this time, if the signal Write is "0", then the transistor 3 will be in an ON state, and the writing (programming) will 
be performed. Next, when the signal Read goes to "1" (the readout state), the output of the NOR gate 2 will go to 
"0" with the signal Write being "1", and thus writing will not be performed. In this readout state, a voltage 
according to the aforementioned writing will be produced at point "b", and thus the values at the outputs Dl, D2, 
and D3 will be determined according to the value thereof [(i.e, according to the voltage at point "b")], determining 
also the outputs DoutO and Doutl. This value is [SIC - "These values are"] fed back, and compared to the inputted 
data DinO and Dinl in the comparators 7 and 8. If both inputs are matched in said comparators, then the signal S, at 
the time of the readout, goes to "1", and the writing is terminated, after which the signal Write goes to "0", and 
writing is not peribrmed. On the other hand, if each of the inputs do not match in [either of] the comparators 7 or 8, 
then the signal S will remain "0". and next time the signal Write is "O'". the transistor 3 will be ON, writing will 
be performed, and the data that results from the writing will be fed back and compared to the inputs in both of the 
comparators 7 and 8. Moreover, if both of these inputs match, then the writing is stopped, but if there is no match, 
then writing is performed, using the same process as described above, until they match. 

By writing only a few times each and reading out successively, in this way, this makes it easy to control the 
threshold value of the memory cell . 



Note that the present invention is not limited to only the example of an embodiment described above, but rather 
a variety of appUcations are possible. For example, in the present example of an embodiment, the threshold voltages 
of the memory cell are divided into four types to store two bits worth of data in a single memory cell but if, for 
example, the threshold voltages were divided into eight types, it would be possible to store three bits worth of data 
in a single memory cell. Moreover, although in the example of an embodiment output [SIC] two bits worth of data is 
stored in a single memory cell, two addresses worth of data may be stored in a single memory cell. 
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(Effects of the Present Invention) 

Given the present invention, as described above, it is possible to provide non-volatile semiconductor memory 
cells with improved yields because it is possible to set with excellent control one of a plurality of threshold voltages 
by VTOting to the memory cell and then sequentially monitoring by reading out, using write signals and read signals 
in a non-volatile memory cell wherein the surface area occupied by the memory cell is reduced by storing multiple 
bits of data by weighting the threshold value in a single memory cell. 



4. Brief Description of the Drawings 



Fig. 1 is a structural drawing on one example of an embodiment according to the present invention. 
Fig. 2 is a timing flow chart showing the operation of this structure. 
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Record of Amendment as Stipulated in Part 2 of Article 17 of the Japan Patent Law 

Recorded as follows as there has been an amendment as stipulated in Part 2 of Article 17 of the 
Japan Patent Law to Japanese Patent Application S 57-227760 (Unexamined Patent Application 
Pjabhcation S 59-121696, dated 7/13/1984, and recorded in Japanese Published Patent Gazette 
jy-1217). 6 (4) 
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6/12/1998 

To: DirectorGeneralofthePatentOffice,YOSHIDA, [ILLEGIBLE] 

1. Indicator of Case: 

Japanese Patent Application S 57-227760 

2. Name of the Invention 

Non- volatile Semiconductor Memory 

3. Amended by: 

Relationship to the Case: Patent Applicant 
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4. Representative: 

(5847) SUZUE, Takehiko 
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[OFHCIAL STAMP] 
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Specification 
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(1) Amend the Scope of Patent Claims as Attached. 

(2) Following the last word in the sentence on line 13 of block 7 of the Specification 
[TRANSLATOR'S NOTE: IMMEDIATELY BEFORE "THE EFFECTS OF THE 
INVENTION"], add the following: 

"Moreover, the present invention can also be applied in a case wherein a single bit's worth of 
data is stored in a single memory cell, as is conventional. In the present invention, the reading 
and writing of data is performed sequentially, and at this time, a check is made as to whether or 
not data has been written to the memory cell. Because the application of this type of function, 
even to a conventional memory cell, makes it possible to stop writing after it has been detected 
that the data has been written, the need for excessive writing, which has a negative effect on the 
write time, is eliminated, and the write time is shortened. In other words, conventionally, the 
writing operation was performed only over a specific time interval. There is variability in the 
write characteristics in each memory cell, or in order to cover the variability in write 
characteristics in memory cells, due to the manufacturing equipment, the write time interval was 
established with an adequate margin, which was a time that was too long for those memory cells 
with excellent write characteristics. Given the present invention, the most appropriate write time 
will be used in each memory cell, and thus it is possible to shorten the write time substantially 
when compared to the conventional technology." 
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2. Scope of Patent Claims 

(1) A non-volatile semiconductor memory comprising a non-volatile semiconductor memory 
cell, means for writing data to this memory cell, means for reading the data that is stored in said 
memory cell, means for detecting whether or not the data has been written to said memory cell, 
using this data that has been read out, and means that prevents writing of data to said memory 



(2) A non-volatile semiconductor memory comprising a non-volatile semiconductor memory 
cell, means for writing data to this memory cell, means for reading the data that is stored in said 
memory cell, means for detecting whether or not the data has been written to said memory cell, 
and means that prevents the repeated operations of writing said data and reading said data 
according to the detection results, where at least one repeat is made of writing said data and 
reading said data. 

(3) A non-volatile semiconductor memory comprising a non- volatile semiconductor memory 
cell, means for writing data to said memory cell, means for reading data from said memory cell 
means for performing writing, until the threshold voltage of said memory cell corresponds to the 
mput data that has been stored, through segmenting the multiple bits of data in said memory cell 
usmg the threshold voltage, and means for detecting the correspondence of the threshold voltage 
of the memory cell to said inputted data in order to stop writing. 

Representative of Applicant: SUZUE, Takehiko, Patent Attorney 
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